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( V' Disclosed herein is a thermoplastic resin com- 
position which contains: 

(a) pofyphenylene ether or a composition contain- 

■ng poly phcnyiene ether, and 
■ bi 

(i) a modified propylene polymer formed by 
giaftmg a propy u -.-re r-i~ i y mor with 3 styror.e- 
based niLnomer or a mixture of a styrene- 
oascd monomer arid a rroncmui 
copolymen^able with the styrene-based mon- 
omer, or 

di) a composition containing said modified pro- 
pylene polymer and a propylene polymer, and 
tc) a rubbery substance which has in its moioculo 
chain- A mis;.; bio with ail or part of said eomoc- 
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t£> Thermoplastic resin composition. 



Disclosed herein is a thermoplastic resin composition which contains: 
(a) polyphenylene ether or a composition ccntaining poi/ohenylene ether, and 
(b) 

(i) a modified prcoyiene polymer fcrmec by grafting a propylene pc'ymer with a styrene-based monomer 
or a mixture or a styrene-based monomer ana a monomer copolymonzabie with the styrene-baseu 
monomer, or 

■ii) a composition containing sa:c mccifiod oropylcro roiymor and a prcoyiene cclymer, and 
■cj a rubbery substance which has in its molecule chain-A m:sc:b.e with ail or part of saio component '.;aj arc 
o.so has chain-B m;sc;bio A';:h aii cr cart :f sa,o component \C). chair-A arc cha::>E offering :'i.:m each : t r k: r 
n principal structural unit. 

This thermoplastic resin composition is superior in heat resistance, melt flew properties, processability. 
N chemical resistance, impact resistance, apcearance, and gloss. 
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THERMOPLASTIC RESIN COMPOSITION 



BACKGROUND CF THE INVENTION 



/. Field of the invention 

The present invention relates to a novel thermoplastic resin composition which can be mace into 
molded articles by injection molding, extrusion melding, or the like. 



2. Related Art 

Polyphenylene ether is a resin which is generally superior in heat resistance, hot water resistance, 

Himonci- ,, ,ml c*t-ar^il-+i* -i ^' . — . ^ ^ u ; — j _ — 

— w.-w.^..^ ^^„., f , c.vj mcuiaiiiwi ai.u cfitsouiucti properties, un L ne other hand, it suffers item the 
disadvantage of having poor mofdability due tc its high melt viscosity, low chemical resistance, and :ow 
impact resistance. 

It is known that polyphenylene ether will have improvec mcidability without any adverse effect cn its 
superior characteristics when it is decreased in melt viscosity by the incorporation of a polystyrene resin. 
However, the resulting composition is stiii poor in chemical resistance. 

It is disclosed in US Patent No. 4139411 and UK Patent No. 1344729 'hat a polyphenylene ether resin 
compo sition will have improved processabiiity when it is decreased in molding temperature and meit 
viscosity by the incorporation of a icw-moiecular weight ny jrccarbon resin. 

Aiso. Japanese Patent Laid-open No. 118956/1980 discloses the incorporation of a petroleum-derived 
low-molecular weight resin or rosin resin into a polyphenylene ether resin composition for the reduction of 
its melt viscosity. 

Japanese Patent Publication No. 13584/1982 discloses a method of decreasing the melt viscosity of 
polyphenylene ether by incorporation with an aromatic hydrocarbon resin derived from cracked naphtha. 

Although the above-cited inventions are intended to improve the flowabuty of polyphenyiene ether resin 
compositions, they achieve their object only with a great sacrifice in heat resistance. Also, they were net 
able to improve the chemical resistance of polyphenylene ether resin comocsitions. 

Meanwhile, propylene polymers have been in general use ror the production of molded articles, film, 
and sheet on account of their outstanding moicaoility, toughness, water resistance, and chemical resistance, 
and their low price attributable to their low specific gravity. 

Unfortunately, propylene pclymers have shortcomings or rccm fcr improvement in heat resistance, 
stiffness, impact resistance, coatability, arc achesion properties. This prevents the ce/eiccment of their 
new appiicaticns. There is an urgent neec fcr mprcvement particularly in heat resistance anc i mo act 
resistance. 

Fcr this reason, there- is a demand tor a rosin ccmpc-ticn c:mpcscd or pciyphenyiere ether and a 
propylene polymer which wcuic exhibit the features ;r both ' .e.. improved moldabnty and improved mcact 
resistance). It wiil find use in new bread application areas. 

in practice, however, no satisfactory resin composition:? have been obtained from poiypnenytene ether 
and polypropylene mixed together on account of their poor comcatlbility. It is or.iy possible to obtain a resin 
composition which gives injection molded articles with phase separation between polyphenylene ether and 
pciypropy^ne. This prase separation greatly detericates the appearance and mechanical or; pones of the 
mcidee articles. 



EP 0 412 787 A2 



In view of the foregoing, the present inventors earned out extensive studies to cevelop a technology 
effective for the improvement of the resin composition composed of pclyphenyiene ether, a propylene 
polymer, and a rubbery substance. As the result, it was founc that a thermoplastic resin composition 
incorporated with a specific rubbery substance exhibits balanced mechanical properties and has a high dan 
5 impact strength. This finding lea to the present invention. 

SUMMARY OF THE INVENTION 



70 

Accordingly, it :s an ooject cf the present invention to provide a thermoplastic resin composition which 
comprises: 

(a) polyphenylene ether or a composition containing pclyphenyiene ether, 
(b) 

15 (i) a mocified propylene polymer formed by grafting a prcpy ! ene polymer with a styrene-cased 

monomer or a mixture of a styrene-basec monomer and a mencmer cepciymerizabie with the 
styrene-based monomer, or 

(ii) a composition containing said modified propylene colymer an d a propylene polymer, and 
(c) a rubbery substance which has in its moiecule chain-A miscible with all or part of said component (ai 
20 anc also has chain-B miscible with ail or part of said component (b), chain-A and chain-3 differing f rcm 
each other in principal structural unit. 
It is another object of the present invention to provide molded articles, especially automotive parts, 
made of the above-mentioned thermoplastic resin composition. 

Particular and preferred aspects and embodiments of the invention are as set forth in the dependent 
25 claims appended hereto and as described hereinbelow. 

DETAILED DESCRIPTION OF THE INVENTION 



30 

The polyphenylene ether used as component (a) in the present invention is obtained by the oxidation 
polymerization cf one or more than one phenol compound represented by the general formula below with 
oxygen or an oxygon-containing gas by the aid of an cxicative coupling catalyst. 



R 2 ' 



where R:, R?, R 3t R*, and R 5 each independently denotes a hydrogen atom, halogen atom, hydrocarbon 
group or substitutea hydrocarbon group, or hycrccarbylcxy group or substituted hydrccarbyicxy group, with 
at least one of R« to R 5 being invariabiy hydrogen. 

Examples of Ri. R:. R-. . and R. m the above 'crrruia induce a .nycrcgon item, C'^.crirc atom, 
bromine atom, fluorine atom, icdire atom, methyl group, ethyl group, n- or isoprcpyi group, pri-. sec-, or t- 
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of the latter include poiyhydroxy aromatic ccmpcuncs such as bisphenol-A, tetrabromobisphenol-A, rescr- 
cinol, hydroquinone, and ncvcfak resin. 

The preferred polyphenylene ether is a homopclynner of 2,6-dimethylphenol (2,6-xylencJ) or 2,6- 
diphenylphencl, or a copolymer composed of 2,6-xylenol (in a large amount) and 3-methyl-6-f-butylphenol 
5 or 2,3,6-trimethylphenoi (in a small amount). 

The oxidative coupling catalyst used for tne oxidation polymerization or the phenol compound is not 
specifically limited so long as it is capable of polymerization. Typical examples include a catalyst composed 
of a cuprous salt and a tertiary amine (such as cuprous chloride-triethyiamine and cucrous chloride- 
pyndine), a catalyst composed of a cupric sait, amine, and alkali metal hydroxide (such as :upric chloride- 
70 pyridine-potassium hydroxide), a cataiyst composec of a manganese salt and a primary amine (such as 
manganese chloride-ethanolamine and manganese acetate-ethylenediamine), a cataiyst composed of a 
manganese salt and an alcoholate or phcnolato (such as manganese chloride-sodium methylate and 
manganese chloride-sodium phenolate), and a catalyst composed of a cobalt salt and a tertiary amine. 

It ;s known that polyphenylene ether differs in physical properties depending on whether it is produced 
is by oxidation polymerization at a temperature higher than 40 ' C or lower than 40 * C. Either high-temperature 
polymerization or low-temperature polymerization can be employed in the present invention. 

The polyphenylene ether used in the present invention also includes modified products obtained by 
grafting the above-mentioned polymer or copolymer with other polymer E ;,;imn ' Qc ^ ci^n rnnr>\i\an 
products are iisted below. 

20 One is obtained by the oxidation polymerization of a phenol represented by the general formula below 



OH 




(wherein the symbols are defined as above.) 

which is performed in the presence of an ethyiene-propylene-polyene terpoiymer. One is obtained by 
grafting a polyphenylene ether polymer or copolymer with styrene and/or other poiymerizable monomer by 
the aid of an organic peroxide. (See Japanese Patent Publication Ncs. 47862'"! 972, 12197/1973, 5623/1974. 
38596/1977, and 30991/1977.) One is obtained by mixing the above-mentioned polyphenylene ether 
polymer or copolymer with a styrene-based polymer and a radical generator (e.g., peroxide) in an extruder, 
(See Japanese Patent Laid-cpen No. 142799/1977.) 

Component (a) of the resin composition of the present invention may be a copolymer ooiamec by 
grafting polyphenylene ether with a styrene-based monomer representee by the general formu;a [!l] belcw. 



^5 




[II] 



Rio ^9 



atoms isucn as chlorine, bromine, anc cdir.oi, hydrocarbon groups (such as methyi. ethyi, procyi, vmy, 
aliyl. bcnzyi. and mothyibonzv ! V substituted bye rc careen croons f'such as ohlcromemy! ana brcmcmethytV 
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monochlcrcmethoxy). Examples of Ri- induce a Hydrogen atom and lower alkyi group (such as methyl ana 
ethyl). 

Examples of the styrene-based monomer include styrene, 2,4-dichicrostyrene, p-methcxystyrene, p- 
methyistyrene, r>phenylstyrene, p-divinyibenzene, p-{chloromethoxy)-styrene. a-methvlstyrene. omethyi-a- 
5 methyistyrene, m-methy -a-niethylstyrene. p-methyi-^-methylstyrene, and p-methcxy-u-methylstyrene. They 
may be used aione cr in combination with one another. Preferable among them is styrene. 

The resin composition containing pc ypnenylene ether, which is defined as component (a) in tne 
present inven tion, is a 'esin composition composed of the abcve-mertionec pciyphenyiere ether and an 
alkenyl aromatic resin and.cr rucber-mccified alKenyl aromatic resin. 
io The aikenyl aromatic resin is selected from among these which contain at least 25 wt% of the polymer 
unit derived from the styrene-based monomer represented by the general formula [II] above. 

Examples of the alkenyl aromatic rcs;n include polystyrene, polychlorostyrene, poiy-a-methylst/reno 
copolymers thereof, ana styrene-containing cccolymers (such as styrene-acrylcnitrilo copolymer, stvrere- 
divmytenzene copolymer, arc styrene-acryicr.itriie-jf-methylstyrene copolymer) P'oferaoie among them 
;5 are hemoociy styrene, styrene-a-methyistyrere copolymer, styrene-acrylonitriie copolymer, styrene-a- 
chiorc styrene copolymer, styrenemethy! methacrylate copolymer. Hcmcpoiystyrene is most desirable. 

The ruDber-mcriifed aiker.yi aromatic resin is a resin of two-pnase system which is ccmposea of an 
aikenyl aromatic resin as the math:< and rubber c^rt-clps dispersed in the matrix. This resin can be 
produced by the mechanical mi<ing of an alkenyl aromatic resin with a rubbery substance mentionec latei. 
20 cr oy the polymerization of an a.kenyl aromatic moncmEir in which a rubbery substance has previously been 
dissolved. The latter process \s usea for the commercal production of so-called hign-impact polystyrene 
The one obtained by the alter process may be Incorporated further with a rubbery substance and-'cr an 
alkenyl aromatic resin 

The pciyphenylene ether anc aikenyl aromatic resin anc or rucber-moditied alkenyi aromatic resin may 
25 be m:xed .n a widely ranging 'atic of 1-99 wt% to 99-1 wt%. An adequate ratio should be established 
according to the object anc application. 

Th e thermoplastic resin compos. tion of the present invention contains component (b) which is (i) a 
modified propylene polymer formed oy grafting a propylene polymer with a styrene-based monomer or a 
mixture of a styrene-cased monomer and a monomer copolymerizabe with the styrene-based mcnomer, cr 
30 (ii) a composition containing sa:o mcctled propylene polymer and a propylene polymer. 

The mocified propylene polymer : s one which is formed by grafting 100 parts by weight of propylene 
polymer with 0.2-200 pats ty weight, preferably 2-100 parts by weight, of a styrene-basec monomer or i 
muture of a styrene-basec monomer and a monomer copoiymenzable with the styrene-based mencmer 
With an amount less than 0.2 part by weight, the modified propylene polymer has no improved prcperties. 
35 With an amount n excess of 200 parts by weight, the modified propylene polymer Is poor in chemica: 
resistance. 

The propylene polymer denotes a prooy:ene hemcpoiymer or a propylene copolymer which Includes 
random or block copolymers consisting of propylene and ethylene and/or an a-olerin having 4-18 carbon 
ate ms 

.;c Examples :f the o ocylene coj:o.ymer tciccc othy cnc-O'Opyicno ccpoymer, prccyic-nc- 1 -t utero 

cooolvmer, propv one- 1 -hexene copolymer, pro py!ene-4-methy!-i -pertene copolymer, anc prcpyicre-1- 
cctene copolymer . 

The propylene cc'ymer may he a highly cysiaJme or icy 'ere po ymer. if necessary. This poiymer s 
characterized cy that the moiety of propylene homopclymer. wnich is the firs: segment termed in :na firii 
^5 step of polymerization for a propylene hemcpoiymer or copolymer, contains boiling heptane msc ubies 
whose isctactic pentad rat;c is higher than 0.970. This polymer is also characterized in that the moiety :f 
propylene homopciymer contains coding neptane insciubles wnose isctactic pentad ratic is higher than 
0.970 and contains loss than 5.0 ,vt°c :f o oiling hectare solubies and less than 2.0 wt°b or xylene ''20 C) 
sciubies 
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containing 0.05 to 10000 com (by weight) of vinylcycioalkane units exhibits a higher crystailinity. 

In addition, the above-mentioned highly crystalline propylene poiymer will give a highly stiff propylene 
polymer wnen incorporated with a viryicycioa'kane polymer mentioned above. 

The propylene polymers (propylene homopofymer and propylene copolymer) may be used aicne or in 
5 combination with one another. 

According to the present invention, component (b) of the resin composition is prepared by grafting the 
above-mentioned propylene polymer with a styrene-cased monomer which is represented by the general 
formula [II] above 

Examples of the styrene-cased monomer delude styrene, 2,4-dichlorcstyrene, p-methcxystyrene, p- 
w methyistyrer.e, p-ohenylsiyrene, p-diviny!benzene, /xch oromethcxyj-styrene, a-metryistvrene, omeihyl-a- 
methylstyrene, m-mcthyl-ar-methylstyrene, p-methyl-^-meihy'styrene, and p-methoxy-a-methylstyrene. They 
may be usee alone or in combination with one another. Preferable among them is styrene 

The aboye-menticned styrene-based monomer is rot the only grafting monomer to prepare the 
mocif:ed propylene polymer for comconent (o). It .s also possible to use a mixture of the styene-oased 
75 monomer and a monomer copoiymerizable with it. Such a mixture gives rise to a modified propylene 
polymer which contributes to the thermoplastic resin naving improved mechanical properties. 

Examp.es of the monomer copoiymerizable with the styrene-based monomer include acrylonitrile, 
methacrylonitnle, tomane acid, onaleic ac'd, 7 : ny ketone, m^e'C arhydriop anrv in priri mF-thaorvrin irin 
vinylidene chloride, maieate ester, methyl methacrylate, ethyl methacrylate, propyl methacrylaie. butyl 
20 methacrylate. methyl aery, ate, ethyl actuate, prooyl acr/la:e, butyl acryiate, vinyl chio-.de, vinyl acetate, 
divinyl benzene, ethylene oxide, giycidyi acryate, glycidyl methacrylate, vinylidene chicride. maieate ester, 
isobutene, aikyl vinyl ether, anethole, incene, coumarone. benzofuran, t ,2-dihydronaphthalene, aesnaph- 
thylene, iscorene, chloroprene, trioane, 1 ,3-dioxolar.e, propylene oxide, ,3-propiclactcne, vmy! biphenyi, 
1 ,1-dipnenylethyiene, 1-vinyinaphthaiene, 2-vtnynaphihaiene. 2-v:nylpyridine, 4-viny!pyrlcme, 2.3-dimeihyi- 
25 butadiene, ethylene, propylene, allyltrimetnylsiiane, 3-tutenyltrimethylsiiane, vinyl caroazole, N,N- 
diphenylacryiamide, and fumarcnitrile. Derivatives of these monomers can also be used. They may oe used 
alone or in combination with one another. Preferable among them are maleic anhydride, g;yeidyl 
methacrylate. and glycidyl acryiate. 

The amount of the styrene-based monomer in the mixture of the styrene-based monomer ana the 
30 monomer copoiymerizable with the styrene-based monomer may vary in the range of 1 to 1 00 wt%, 
depending on the intended use of the resin composition. 

The styrene-based monomer and the monomer ccpo.ymerizabie with the styrene-based monomer may 
be grafted to a propylene polymer by any known method. For example, grafting may be accomplished by 
mixing a orcoylene polymer with a grafting mcnomer and a peroxide and melt-mixing the mixture in a melt- 
35 mixing apparatus; by dispersing a propylene poiymer together with a grahing monomer into water, accing a 
peroxide to the dispersion, stirring the dispersion with heating under a nitrogen atmosphere, ceding the 
reaction system, and filtering out the reaction product, followed by washing and drying; or by exposing a 
propylene pclymer to UV light, radiation, oygen or czene ;n the presence of a grafting monomer. 

Alternatively, grafting may aiso be acoempiishod in two stages. First, the styrene-based monomer arc 
the mcnoT.t" copoiymerizable with the styrene-cased mcnomer are polymerized c r :cpc yrnenzec individ- 
ually by an; ?nown meihed. Secondly, the 'esuiting poiymer or copolymer is grafteo tc a propylene 
poiymer. 

For example, the grafting of a propylene pcymcr vnh a styrene-based mencmer anc an acryiate ester 
may be acc : mplishe 3 as ;c:lows: F.rst, copolymer is prepared from tne styrene-cased monomer ana 
-5 acryiate estci Ly anionic cciyrr.orizat.cn. S^eenciy, tne cope J y me r is me t-mixed wih a p-ouy.ere p<; .ymer 
and a pero<;de to give a modified procyiene peiymcr, Alternatively, a propylene polymer may be 
copoiymerizeo with a styrene-based monomer and giycidyi methacrylate by radical polymerization. 

The perc.-.ide usee to orecare the modified propylene pclymer is not specifically limited: it may be 
selected from ti'e tc. lowing organic peroxides. 



cumere rvomr^roxic 
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2,5-dimeihylhevanp-2,5-airyarcpcrex;ce. 
di-f-butyi peroxide. 

1 ,3-bis(f-buty1pero»yiscprcpyi)benzene, 
2,5-dimethyl-2,5-d;( f-butyicerox/)nexane 
6 2,5-dimethyl-2,5-d.i f-Luty ipercx/ ^exvre - 3, 
lauroyi peroxide 

3,3,5-trimethylhexanoyl peroxide, 

benzoyl oeroxice 

f-buty! peracetate, 
;o f-butyiperoxy iscbutyrate, 

f-butylperoxy pivalate, 

f-butylp&ro;<y-2-eihyihe>anoate. 

Nbutylpero:<y-3,5,5-trimethyihexancate, 

'-butyl oeroxyiauraie, 
is r-butyl oeroxybenzoate, 

di-f-buty : peroxyisophthalate, 

2,5-dimethy!-2,5-di(benzoyipero<y)hexane, 

t-hi\t\/\ npmvum^lp^ arid 

. j , ~ ' ' J - - - 

f-butyl peroxyisopropyi :arbenate, and 
20 polystyrene peroxide. 

Component (b) in the resin c:mpostt.cn of the present invention is a propylene polymer mccifiec with 
the above-mentioned stvrene-based mcnomer or a mixture of the styrene-based monomer and a monomer 
sopoiymerizaole w:th the styrene-basea monomer. If necessary, this modified propylene polymer may be 
used in combination with an sthyiene-a-o efin copolymer modified with a styrene-based mcnomer anc.'or an 
25 unmodified procylene poiymer or ethy;ene-a-o!efin ocpciymer. 

Examples of the unmodified propylene pci/me-r include propylene hcmopolymer and propylene 
:opolymers such as ethylene-orcpyiene copolymer, propylene-1-butene copolymer, propylene- 1 -nexene 
;opolymer, prooylene-4-methyH pertene copolymer, anc propylene- 1 -cctene copolymer, wmch were listec 
earlier to explain me modification with a styrene-based mcnomer. 
30 As the a-olern monomer constituting the ethyl ene-u-oiefin :opoiymer may ce cited a-ciefins (exciucing 
propylene) corresponding to the acove-mentioned propylene copolymer. 

The modified propylene poiymer or ethylene-a-clefin copolymer to be used for component (b) snou c 
oreferably be one which is cerived from an unmodified polymer having a density of 0.82-0.92 g/cm 2 . 

The oreferred amount for incorporation is 1-4C parts by weight for 100 parts by weight of the moafiec 
35 propylene polymer and/or propylene polymer in component (b). 

The .ncorporation of these components improves the impact resistance of the resin composition. 
Component (b) in the thermoplastic resin composition of the present invention may be incorporated with 
a variety of additives, according to need, during the compounding process or during the fabricating process. 
Examples of the acditives ini'lude antioxidant, heat stabilizer, light stabilizer, antistatic agem inorganic arc 
-*c organic operants, corrosion irhrctcr. crcssiinking agon:, bicwrg agent, sup agent, olastic^Gr. fluorescent 
agent surface smoothing agent, anc surace onghtener. 

Acccrcmg l c the presort .n.'crt:cn. moo nor* -a; and ocmrcrort - r, me -cs.n :cmces;ti :r. may ce 
mixec in a wicei/ ranging ratio cf i -98 w:% to 99-2 w: r 3 . With ar amount of component -b> less than 2 
wt'-b, me "esin composition is not so imorcvec n orooessaci ity. Vvith an amount of ccmpcr.er.i -t} m^ 
45 man 99 wt~o, the resin comccsrior ,s pre r ~ea: "istcrtior temperature and thermal properties. 

According to the present 'nventicn. component <;c) in the tnermopiastic resin composition is a .-ubbery 
sucstance whicn has in its mo. ecuie ohain-A miscicic -v-ih all or oar: of ocmipcrert > and also has ohaln-E 
niscibie -vith a:! or can of component <b-, :ham-A and cnain-E oiffeurg from earn other in orincipai 
structural unit. The ruocory surstaroo r/ • a natural :r svrtnet.o pciymeric material -vmcn is resi.iunt at 
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outstanding physical properties by the incorporation of components (c); however, it is considerec that the 
rubbery substance as component (cj is distributed over the interlace between component (a) anc 
component (b) such that it improves the adhesion strength anc absorbs the impact energy imposed on the 
composition. 

5 Pclyphenylene ether or a composition containing polyphenylene ether, which constitutes ccmccnem 

(a), is miscibie with, for example, a chain containing a styrene-based monomer as the structural unit. 

Modified propylene polymer or a composition containing said modified propylene polymer and a 
propylene pciymer, which institutes component (b), is miscibie with chain-B which contains, for sample, 
ethyl, propyl, iscprcpyi, etc. as the structural unit. (Chain-B is different from chain-A in the principal 

io structural unit.) 

Chain-B Includes any chains (wnich are different from chain-A in the principal structural unit) containing 
the same structural unit as that of the graft chain which is formed when the modified propylene polymer as 
component (b) is prepared by grafting a propylene polymer with a styrene-based monomer or a mature of 
a styrene-based monomer anc a monomer copclymerizaoie with the styrene-based monomer. 

/s Examples of component (c) in the present invention inciude styrene-ethylene-propylene copolymer, 
styrene-propylene copolymer, styrene-isoprene copolymer, and hydrogenated products thereof. 

Additional examples include modified products formed by grafting ethylene-propylene rubber, ethyiene- 
proDViene-nonconiugated diene copolymer, isoprenp pniympr natural mbbep c the Ike with a styrene- 
based monomer or a mixture of a styrene-based monomer and a monomer copolymerizable with the 

20 styrene-based monomer. (The monomer copolymer izable with a styene-based monomer is defined as 
above.) Further additional examples include modifiec products obtained by grafting witn two or more kinds 
of these monomers. 

The above-mentioned rubbery substances may be usee individually or in combination with cne another 
as component (c) in the present invention. 
25 The rubbery substance as component {<;) may be orcducec by any process (e.g., emulsion polymeriza- 
tion and solution polymerization) using any catalyst (e.g., peroxide, triaikyl aluminum, itnium haiice, and 
nickel-oased catalyst). 

Moreover, the rubbery substance may have a varied ratio of microstructure (e.g , cis-structure, trans- 
structure, and viny; group) and a varied range of average rubber particle diameter. 
30 In addition, the rubbery substance as component (c) in the present invention may be a copolymer in the 
form of random copolymer, block copolymer, or graft copolymer. 

Component (c) in the present invention should contain chain-A and chain-B, each consisting of 10-1500 
monomer units, preferably 20-300 monomer units. With iess than 10 monomer units, component i'c) is less 
miscibie with component (a) and/or component (b). With more than 1500 monomer units, the rosin 
35 composition is poor in processability. 

In addition, component (c) should -ave an entire chain length consisting of 40-3000 monomer units, 
preferably 50-2000 monomer units. With a chain longer than 3000 monomer units, the resin ccmpositicn is 
extremely poor in processability. With a chain shorter than 40 monomer units, component (c) contains 
chain-A and chain-B whose respective distribution in component (a) ana component (b) is -unclear with the 
40 -esult that the resin composition ones no* exhibit its munded characteristic properties. 

The chain length mentioned above is defined as me number of structural units bonded in chain-A or 
chain-B contained in the ruocery sucstance as ecrrpenent (c). in other words, the length of cham-A w 
chain-B is measured oy the carccn-ciroon linkage as a urt wnich is contained in the unsaturated 
compound \Q.c., styrene, mothacryate ester, ethylene, ana propylene) constituting chain-A cr cnain-E. In 
-5 tne case where chain-B consists of conjugated diene compounds (such as butadiene anc iseorene) cr 
hydrogenated products thereof, the carbon-carbon linkage in them is also regaroed as one unit for the sake 
of convenience. For exampie, cis-polybutaciene or trans-polycutadiene is regarded as having twe carben- 
carben 'inkages per monomer. 

I he cnain ength can oo caica.at-d *rom the mciocuiar weight of the cnam (which is obtained by j-ji 
cermea'ion o"rcmatcorarhv 'GPC- 1 ' hr - 1 ~- ;"v .*, -~ ; o r t " f * K ~ ^-,^^^ cr .-^^ - . t -.- ,^.^-. r -,.-. 



T he rosn c: ihhcsitiofi of th.; ;;i ■.->•: ;; =nv>:::t!,r -nay :e 'rcurccratec with a ruboory substance c, ; fo:en' 
from ccmccnen: in order meet market "oouiremorts. F-a^:;v ; -f soon r:;rr,- rv ci-n :*an^ 
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and graft copolymer), ch.crobotaoiene p:iymer, buiatiiere-acrylcnitriie copciymer, isobutyiene pciymer. 
iscbutylene-butadiene copciymer. isobuiyiene-iscprene copolymer, acrylic ester copolymer, ethyiene-orc- 
pylene copolymer, ethylene-butene coeciymer, styrene-butyiene copciymer, perfiuororucber, flucrcruboer, 
chlcrcprene ruboer, butyl rubber, silicone rubber, eihy lene-prc py lene-nonconjugated biene copciymer, 

5 thickci rubber, pclysu:fide rubber, pcivurethane ruccer. peiyether rubber (such as polypropylene oide), 
epich:orchydrin rubber, polyester elastomer, poiyamice elastomer, and epoxy group-containing copolymer. 

If necessary, the resin ccmpositicn of trie present invention may oe incorporated with any known flew 
improver such as white oil, liquid pa-affn, low-mclecuiar weight hydrocarbon resin, and low-moiecu ar 
weigh: polyolefin, and modified products thereof. 

w The thermoplastic resin composition o: the present invention may :ontain, in addition to components 
(a), (b), and (c), other polymeric compounds sucn as polyolefins esuch as polymethy'pentene). homo- 
polymers and copolyme-s of vir.y: compounds isucn as polyvinyl chloride, poiymethyl methacryiate, 
polyvinyl acetate, polyvinyl pyrid:ne, polyvinyl :arbazoie, polyacrylamide, poiyacry lonitnle, ethylene-vinyl 
acetate copolymer, anc alkenyl aromatic -esinsi. polycarbonate, ooiysulfone, polyethylene terepnthaiate, 
?5 poiybutylene terephthaiate, polyarylene ester (such as J-po'ymer made by Untika Co., Ltd.), pc!ypnenyier.e 
sulfide, poiyamices (such as ny.cn 6, nycn 6,5, and nylon 12), and condensation polymers (such as 
pclyacetal). Additional examples cf the polymeric compounds include thermosetting 'esins such as Sili:cne 

resin, epoxy resin, and ciaiivl phthalate "esin. 
20 The thermoplastic -es.n compos:* cn of the present invention may also be rcorcorated with i 

reinforcing agent (such as :jlass :iber and carbon fiber;, inorganic or organic filler (sucn as carbon biact-, 
silica, and T\0?X plastic i-rer, stabilizer, flame retardart, dye, anc pigment. 

The reinforcing agent is added to -mprcve the mechanical properties (such as fie>urai strength, fle-;urai 
moculus, tersiie strength, and tensile modu:us) and thermal properties (such as heat distortion temperature) 
25 of the resin composition Examples of ;he reinforcing agent inc ude aium:na fiber, carbon fiber, rjlass fiber, 
high-moauus polyamide fiber, high-moculus polyester fiber, silicon caroioe fiber, and titanate wh;sker. 

The r emfcrcing agent snould oe used in an amount enough to produce :he reinforcing effect. Usually, 
the preferred amount is in the range cf 5 to 100 carts b/ weignt f or ICQ parts by weight :f the res.n 
composition, 

30 The particularly preferred reinforcing filer is glass fiber filaments made of lime-aiurninum ocrosilkate 
glass containing only a srr.ail amount of sodium (known as "I" glass). In the rase where e'ecthc properties 
are net so important, glass fiber filaments made of low-sodium glass, known as "C" glass may also he 
useful. The filaments can be produced by the conventional process such as air blowing, lame b. owing, and 
mechanical drawing. The filaments desirable f or plastics reinforcement can be produced by mec han.'cal 

35 drawing. The filaments made by this process have a diameter in the range of 2 to 20 urn. Tne h'iament 
diameter is not so critical in the present invention. The filament lengtn and form are net so critical either. 
The glass filaments may be used in the :orm cf roving, thread, rope, or mat. Glass filaments in the form of 
strand cut tc 0 3-3 cm, preferably 0.3 cm and be ow, are convenient to use in the preoaration of the rosin 
comcesiticn of the credent invention 

The * ! ame -of arc ant usefu- o- the -ecr, cc mo coition ;f tne ore sent m/cnticr ;nc;uces a group cf 
compounds Known to t~csa ski ted .n the a r t. Particularly important -jmong th~ m are th jse ,\tic h c; nta .n a 
specific element sucn as nomine, :r.\c-\r\<j, antimorv, phosphorus, and rvrogen, wrier, im^aits flame 
retardance. Examples c f the f iame ret arc ant mciuce haiogena*ed organic com rounds artimcrv oxide, a 
mixture cf antimony c.<:de- and na.cgenated organic compcuna. a mixture or antimony j^ide and ones- 

~b phcrus ccmpounc. phosphorus as a simp.e substance), phosphorus compounds, and a mixture or naogeri- 
ccntainmg compound and phosphorus compound or a compound having tlx phosphorus-nitrogen bond. 
They may he usen n combination with one another. 

The fiame nctardant snould bo usee in an amount enough to moart fiame retardance to the resin 
composition, aitnough the amount is not cc critical. When -^soc in an excessive amount, the- 'lame -etarcar.t 
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where n is 1 to 10; R 12 denotes a group seleciec from the group consisting of aikyiene (such as methylene, 
ethylene, propylene, isopropyiene, butylene. and isobutylene), aikylidene (such as isopropyliaene and 
amylene), ahcyciic linkage (such as ;yc!ohexyiene and cycicpentylidene), ether, carbony!, amine, sulfur- 
containing linkage (sucn as sulfide, sulfoxide, and sulfone), carccnate, and phosphorus-containing linkage. 

Ri:; may also denote a group formed by the linkage of two or more aikyiene or aikylidene groups 
through an aromatic, amine, ether, ester, carfconyi, sulfide, sulfoxide, sulfone, 3r phosphorus-containing 
group. 

Ar and Ar each denotes a monocyclic or polycyciic carbocyciic aromatic group seen as phenylene. 
oipnenylene, terphenyiere, ana naphthylene. Ar and Ar' may be the same or different. 

7 cenotes a substituent group selected from the group consisting of organic groups, inorganic groups, 
ann ornanonrerallie rumms Fvpmnlpc n f y joHuH.o /^\ haiman /cnrh ac nhi^rinn i-^,^;,^-, 
fluorine), (2) ether group represented by the general formula of -OE (where E denotes a monovalent 
hydrocarbon group as defined by Xi beicw), (3) -OH group, (4) monovalent hydrocarcon grouc. and .'5) 
other sjestituent groups (such as nitro group and cyano group). When d is 2 or above, the suostituont 
groups represented by Y may be the same or different. 

Xi denotes a monovalent hydrocarbon group such as those listed below. Alkyi groups (such as methyl, 
ethyl, propyl, isopropyl, butyl, and decyl); aryl groups (such as phenyl, nachthyl, biphenyl, xylyl, and tclyi); 
araikyl groups (such as benzyl and ethylphenyl): aiicyclic groups (such as cyciopentyl and cyclohexyi); ana 
monovalent hydrocarbon grouos containing an inert substituent group. When there are two or more 
substituent groups represented by X Tl they may oe the same or different. 

The subscript d denotes an integer ranging *rom 1 to a number determined by the maximum numoer or 
substitutabJe hydrogen atoms on the aromatic ring represented by Ar or Ar'. The subscript e denotes 0 or 
an integer ranging from 1 to a number determined by the maximum numoer of substitutaole hydrogen 
atoms on the group represented by R12. 

The .subscripts a, b, and c each denotes an integer inducing 0. Unless b is 0, neither a nor c is 0: 
otherwise, either a or c may be 0. When b is 0, the aromatic groups are connected to eacn other directly 
through a carbon-carbon bend. The aromatic groups Ar and Ar' may have hydroyl groups or substituent 
groups Y at any of the ortho, mera, and para positions. 

examples cf the compound representee by the generai formuia above include rhe following. 
2,2-bis-(3.5-dicriiorophenyi)-propane, 
bis-(2-chlorophenyl)-methane, 
1,2-bis-(2.6-dichlorophenyh-eth.5ne. 
1 . 1 ,-b:s-i4-iccopheny : )-orhanc-, 
^1-bis-(2-chlcrc-4-iodophenyl)-ethane. 
' ; i-bi 5-.;2-ch!o'c-4-methylpneny ; i-ethano. 

1 . 1- ois-(3,5-cichlorophenyi)-ethane. 

2.2- bis-(3-phenyi-4-oromcprenyi)-ethane, 

2.3- bis-{4,6-dichicrcnapnthy:)-propane, 
2.2-bis-(2,6-dichiorophenyl)-pentane, 
2,2-bis-(3,5-dicnicrcphenyl)-hexano. 
b:s-(4-rhlorcphenyi)-pheny! methane, 
b!S-(3,5-cich:oropnenyt)-cyclchexylmethano, 
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door trim, rear end trim, door panel, wheel cover, side protector, air intake, garnish, trunk lid, hood, sirocco 
fan, and rcof. The melded articles will also find use as machine parts which need heat resistance. Other 
possible uses include motorcycle parts (such as covering material, muffler cover, and leg shield), electric 
and electronic parts (such as housing, chassis, connector, printed circuit board, and pulley), and other parts 
5 which all neea strength and heat resistance. 

EXAMPLES 

70 The invention will be described in more detail with reference to the following examples, which are 
illustrative only and are not intended to limit the scope of the invention. 

In the examples, the heat distortion temperature (H.D.T.) was measured according to JIS K7207; the 
Izod impact strength (3.2 mm thick) was measured according to JIS K7110; the reduced viscosity fa sp/C) 
of polyphenylene ether was measured on a chloroform solution (0.5 g/dl) at 25 * C; and the melt flow index 
75 (Ml) of propylene polymer was measured at 230 'C under a load of 2.16 kg according to JIS K6758. 

The mixing of components was carried out with a twin-screw extruder (Model TEX 44SS-30BW-2V, 
made by Japan Steel Works, Ltd.) at 260° C and a screw speed of 300 rpm. 

The thus obtained resin composition was moided usiny an injection induing machine (Model !3 15GE-V. 
made by Toshiba Machine Co., Ltd.) at a molding temperature of 260° C and a mold temperature of 70 ' C. 
20 The dart impact strength was measured in the usual way by dropping a dart on an injection-moided test 
piece (measuring 120 x 90 x 3 mm) fixed to a support. (The dart is equipped with a stress detector.) The 
impact energy required for the test piece to be broken was obtained. 



25 Component (a): Polyphenylene ether 

The following polyphenylene ether and polyphenylene ether composition were used in Examples and 
Comparative Examples. 

(i) Polyphenylene ether fa sp/C = 0.35) polymerized in the laboratory. (Designated as A-1 hereinafter.) 

30 (ii) Polyphenylene ether fa sp/C = 0.46) polymerized in the laboratory. (Designated as A-2 hereinafter.) 

(iii) A polyphenylene ether composition formed from 100 parts by weight of polyphenylene ether (A-1), 
14 parts by weight of styrene monomer, 2 parts by weight of dispersing agent ("Metholose 90SH-100"), 
peroxide ("Perbutyl PV"), and water, by graft copolymerization in an autoclave at 120°C for about 2 
hours under a nitrogen stream, followed by cooling and recovery. This composition is designated as A- 3 

35 hereinafter. 



Component (b): Modified propylene polymer 

40 (\) A styrene-grarted propylene polymer prepared by reacting 100 carts by weight of propylene polymer 
in pellet form ("Sumitomo Neb, en AV564", Ml = 30, mace by Sumitomo Chemical Co., Ltd.) with 23 
parts by weight of styrene monomer in an autoclave containing 300 parts by weight of water, 1 part by 
weight of dispersing agent ("Methciose 30SH-100"), and percxice r'Perbuty' PV"), at 115*C + 'cr abcut 1 
hour under a nitrogen stream, fcilowed by ccciing and recovery. This modified propylene polymer is 

45 designated as B-1 hereinafter. 

(ii) A styrene- and giycidyl methacry late-grafted propylene poiymer prepared by reacting 100 parts by 
weight of propylene polymer ("Sumitomo Nobien AV664B", Ml = 5, made by Sumitomo Chemical Co., 
Ltd.) with 42 parts by weight of styrene moncmer. 6 parts by weight of giycidyl methacrylate. and 2 parts 
by weight of methyl methacrylate in an autoclave containing 4.0 parts by weight of calcium tertiary 



1 2) arid 1 8 ears , 



eigrt :f "Sumitcrnc Net en 3-131'' >MI = ' 2. -rade by Sumiiomc Chemical Co.. 
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Ltd.) with 120 parts by weight of styrene mcnomer in an autoclave containing 0.2 part by weight of 
cispersing agent ("Metholose 90SH-100"), peroxide ("Perbutyl PV"), and water under a nitrogen stream. 
The reaction was carried out at 1 10 * C for about 2 hours. After cooling, the desired product was 
recovered. This modified propylene polymer is designated as B-3 hereinafter. 

5 

Component (c): Rubbery substance 

(i) A rubbery substance prepared as follows: First, a styrene polymer having a terminal ncrbcrnene 
nucleus was synthesized in the following manner. 
m In a glass reactor, with the atmosphere therein replaced with nitrogen gas, were placed 100 parts by 
weight of purified dry styrene, 500 parts by weight of completely purified, dry, deaerated benzene, and n- 
butyl lithium (as an initiator) in hexane solution in an amount of 10.0 mmol for 1 mol of styrene. 
Polymerization was carried out at 60° C for 3 hours. There was obtained a red viscous polymer solution. 

The polymer solution lost its red color within several minutes when given freshly distilled, completely 
is purified 5-bromomethyl-2-ncrbornene in an amount of 12 mmol for 1 mol of styrene. This indicates that 
reaction took place between living polystyrene anc 5-bromomethyl-2-norbornene. 

To the polymer solution was added methanol, and then the polymer solution was discharged and 
poured into methanol for the recovery cf reaction products. After vacuum drying, there wa? ohrainRri a white 
powder in a yield of 99.5%. 

20 it was found that this product has a number-average molecular weight of about 1 1,000 measured by 
osmometry. It was also found that this product has an extremely narrow molecular weight distribution 
measured by gel permeation chromatography (GPC), with the Q value (ratio of weight-average molecular 
weight to number-average molecular weight) being 1.09. 

Calculations indicated that this product ccntains the styrene moieties in which the styrene chain length 

25 is 104. In addition, this product gave an iodine value of 3.0 measured by titration after dissolution in carbon 
tetrachloride. This suggests the presence of unsaturated bonds in the product. 

Subsequently, the product (which is a styrene polymer having a terminal norbornene nucleus) was 
copolymerized with ethylene and propylene in the "ollowing manner. 

in a glass reactor equipped with a cooling tube, stirrer, thermometer, gas bubbling tube, and dropDing 

30 funnel were placed purified dry cyclohexane and polystyrene having a terminal norbornene nucleus. 
Ethylene and propylene were continuously admitted into the reactor at a ratio of 3:7 (by volume) until 
saturation was reached. The temperature in the reactor was controlled at 30 " C. With the introduction of 
ethylene and propylene continued, polymerization was started by charging the reactor with 44 mmol of 
ethyl aluminum sesquichlcride and 4.6 mmol of vanadyl trichloride (per 100 g of the polystyrene havng a 

35 terminal norbornene nucleus) simultaneously from individual dropping funnels with stirring. Polymerization 
was carried out for 15 minutes and then suspended by adding 3% methanol solution of 2,6-di-f-buty!-p- 
cresol. The reaction product was washed with methanol and separated from catalyst residues. The 
cyclohexane solution was poured into a large amount of methanol to separate the copolymer by precipita- 
tion. The precipitates were vacuum-dried at 40* C Thus there was obtained an elastomeric copolymer. 

40 This copolymer was treec from the unreactec pciystyrene having a terminal norbornene nuc;cus by 

dissolution in carton tetrachloride and reorecipitaticn with acetone. The purified and recovered eiastcmenc 
copolymer was analyzed by infrared spectrometry. The ratio of Intensity cf absoroticn at ^00 cm"' and 
1460 cm"' indicated that the copolymer ccntains 16.2 wt% of polystyrene chain. Moreover, it was also 
found that the copolymer contains ethylene and propylene in a moiar ratio of 52 48. 

45 The result of GPC indicated that the ccpoiymer has a mcnomodal molecular weight distribution, with 
the number-average molecular weight being 25,000 and the G value being 2.20. 

Calculations based on the number-average mciecuiar weight indicated that the moiety of ethy'ene- 
prccylene copolymer has 470 monomer units. 
This pclymer is designated as C-1 hereinafter. 



portion 'about 1 ml) :i the c . iyrrer sr. .,t:-..r .vas ta*^. 

To the reactor was added 66 cart? oy .veigrt r cur f;o-*: "r; isccrene. ard the reaction was :cnt:nuc: at 
" r ' C 2 "'"he r? r v f ~-: r /i-^ tL r '"o i 'r:~ a v w-sh ," c o.~i.s $r *.*-rr. Af*or 4 hours 'in tctaH of 
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Ltd.) with 120 parts by weight of styrene monomer in an autoclave containing 0.2 part by weight of 
dispersing agent ("Metholose 90SH-100"), peroxide ("Perbutyl PV"), and water under a nitrogen stream. 
The reaction was carried out at 110 C for about 2 hours. After cooiing, the desired product was 
recovered. This modified propylene polymer is designated as B-3 hereinafter. 

5 

Component (c): Rubbery substance 

(i) A rubbery substance prepared as follows: First, a styrene polymer having a terminal ncrbornene 
nucleus was synthesized in the following manner. 
io In a glass reactor, with the atmosphere therein replaced with nitrogen gas, were placed 100 parts by 

weight of purified dry styrene, 500 parts by weight of completely purified, dry, deaerated benzene, and n- 
butyi lithium (as an initiator) in hcxane solution in an amount cf 10.0 mmol for 1 mol of styrene. 
Polymerization was carried out at 60* C for 3 hours. There was obtained a red viscous polymer solution. 
The polymer solution lost its red colcr within several minutes when given freshly distilled, completely 
15 purified 5-bromomethyl-2-norbornene in an amount of 12 mmol for 1 mol of styrene. I his : ndtcates that 
reaction took place between living polystyrene and 5-bromomethyl-2-ncrbornene. 

To the polymer solution was added methanol, and then the polymer solution was discharged anG 
poured into methanui fur the rt'uuvery ci reacuun pruduui^. After vacuum drying, there was obtained a white 
powder in a yield of 99.5%. 

20 It was found that this product has a number-average molecular weight cf about 1 1,000 measured by 

osmometry. It was also founc that this product has an extremely narrow molecular weight distribution 
measured by gel permeation chromatography (GPC), with the Q value (ratio of weight-average molecular 
weight to number-average molecular weight) being 1.09. 

Calculations indicated that this procuct contains the styrene moieties in which the styrene chain length 
25 is 104. in addition, this product gave an iodine value of 3.0 measured by titration after dissolution in carbon 
tetrachloride. This suggests :he presence cf unsaturated bonds in the product. 

Subsequently, the product (which is a styrene polymer having a terminal norbornene nucleus) was 
copolymerized with ethylene and propylene in the following manner. 

In a glass reactor equipped with a cooling tube, stirrer, thermometer, gas bubbling tube, and dropping 
30 funnel were placed purified cry cyclohexane and polystyrene having a terminal norbornene nucleus. 
Ethylene and propylene were continuously admitted into the reactor at a ratio of 3:7 (by volume) untii 
saturation was reached. The temperature in the reactor was controlled at 30 "C. With the introduction of 
ethylene and propylene continued, polymerization was started by charging the reactor with 44 mmol of 
ethyl aluminum sesquichicride and 4.6 mmol of vanadyl trichloride (per 100 g of the polystyrene having a 
35 terminal norbornene nucleus) simultaneously from individual dropping funnels with stirring. Polymerization 
was carried out for 15 minutes and then suspended by adding 3% methanol solution of 2,6-di-f-butyl-p- 
cresoi. The reaction product was washed with methanol and separated from cataiyst residues. The 
cyclohexane solution was poured into a targe amount of methanol to separate the copolymer by precipita- 
tion. The precipitates were vacuum-dried at 40 C. Thus there was obtained an eiastomeric copolymer. 
-*c This copolymer was rreec from the un reacted pO;ystyrene having a tcrm.nai ncrbcrncnc nucleus by 

dissolution in carbon tetrachloride and roorecipitaticn with acetone. The purified and recovered elastcmenc 
copolymer was analyzed by infrared spectrometry The ratio of intensity of absoroticn at ~7jQ cm"' and 
1460 cm*' indicated that the copolymer contains 16.2 wt c « cf polystyrene chain. Moreover, it was also 
founc that tne copolymer contains ethylene and propylene in a moiar ratio cf 52 48. 
*;5 The result of GPC indicated that th s- copolymer nas a moncmccal maecuiar weight distribution, with 
the number-average molecular weight being 25,000 and the O value being 2.20. 

Calculations based on the number-average molecular weight indicated that the moiety cf ethy'ene- 
prccyleno ecpc.ymer has 470 monomer units. 

This polymer is designated as C-1 hereinafter. 
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weight of 2,6-di- f-buty i-p-cresci dissclvec therein, to suspend polymerization. The poiymer solution was 
slowly added drcpwise to a large amount of methanol. The resulting copolymer slurry was filtered out and 
washed with methanol three times, followed by vacuum drying at 40* C. 

This polymer was dissolved in toluene, and the solution was introduced into a stainless steei (SUS) 

5 autoclave equipped with a jacket and stirrer. The autoclave was evacuated (for deaeration) and pressurized 
(up to 5 kg/cm 2 G) with hydrogen gas twice. To the reaction system were added 20 mmo, of nickel-2-ethyl 
hexcate, 215 mmcl of cyclohexene, and 645 mmol of triethy! aluminum for 100 parts by weight of the 
polymer. With the reaction system heated to 80*C t hydrogen gas was admitted into the autoclave until the 
internal pressure reached 50 kg/cm 2 . Reaction was carried out for 7 hours. The polymer solution was 

w poured into hot water, followed by low-pressure steam evaporation for the removal of toluene. The resulting 
poiymer slurry was filtered out, followed by drying at 30 ' C for 48 hours in a forced-air circulation dryer. 

The result of infrared spectrometry indicates that acout 90% of the isoprene moiety of the polymer is 
hydrcgenated. Also, the result of GPC indicates that :he poiymer has a narrow molecular weight, with the 
number-average molecular weight being aoout 100,000. It was also found that the styrene polymer sample 

is taken in the course of the synthesis of styrene-isoprene block copolymer has a molecular weight of abojt 
60,000. These data indicate that the polyethylene moiety has 577 styrene units and the hydrogenated 
polyisoprene moiety has 1176 isoprene units. 

■ mo puiymci to uc?o<gncueu kj-c net till idl . 

(iii) A rubbery substance prepared as follows: 

20 In an autoclave were placed 100 parts by weight of "Esprene E-316" in chopped form (made cy 
Sumitomo Chemical Co., Ltd., EPDM having an ML, +4 (121" C) of 65 (as ethyiene-a-olefin copolymer 
rubber), 25 parts by weight of calcium tertiary phosphate, 1.2 parts by weight of "Pluronick F-68" (made by 
Asahi Denka Kogyo Co., Ltd.), ana water. The atmosphere : n the autoclave was completely replaced with 
nitrcgen gas with stirring 

25 To the autoclave were aaaed 32 parts by weight of styrene monomer and 0.23 part of "Sunperox TO" 
(made by Sanken Kako Co., Ltd.) as a radical initiator. The reaction was carried out at 115' C for 1 hour. 
After cooiing, the reaction product was filtered out to separate the styrene-grafted copolymer rubber, which 
was subsequently thoroughly washed with deionized water and vacuum-dried. 

Calculations from the result of GPC indicate that the copolymer rubber has 82 styrene units. 

30 This polymer is designated as C-3 hereinafter. 

(iv) A rubbery substance prepared as fellows: 

In an autoclave were placed 100 parts by weight of "Esprene E-316" in chopped form (made bv 
Sumitomo Chemical Co., Ltd., EPDM having an ML; ^ (121° C) of 65 (as ethylene-a-olefin copolymer 
rubber), 2 parts by weight of calcium tertiary phosphate, 1.2 parts by weight of "Pluronick F-68" (made by 
35 Asahi Denka Kogyo Co., Ltd.), and water. The atmospnere in the autoclave was completely replaced with 
nitrogen gas with stirring 

To the autoclave were added 7 parts by weight of styrene monomer and 0.23 part of "Sunperox TO" 
(made by Sanken Kako Co., Ltd.) as a radical initiator. The reaction was carried out at 115°C for 1 hour. 
After cooling the reaction product was filtered cut to separate the styrene-grafted copolymer rucber. which 
40 was subsequently thoroughly washed with ceiomced water anc vacuum-dried. 

Calculations from the result of GPC indicate that the copolymer rubber has 6 styrene units. 

This polymer is designated as C-4 here. rafter. 

(v) A styrene-isoprene ccpclyrrer "Kra'cn G1'01X" -made by She!! Chemical Co.. Ltd.;. Caculaticrs 
from the result of GPC indicate that it has 4:10 styrene units. 

^5 This polymer is designated as C-5 hereinafter. 

The above-mentioned components were compounded according to the formulations shewn in Tabies 1 
and 2, and the compositions were Injection-moidec into test pieces for the measurement of physical 
properties. 

It ;s r.cted from Tables 1 arc 2 that *he thermoplastic resin compositions certairina to the present 
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Note to Table 1 

*1 Ethylene-propylene rubber, "Sumitomo Esprene E201", [made by Sumitomo Chemical Co Ltd 
ML, +4 121° C = 44] 

*2 Propylene polymer, "Sumitomo Noblen AZ564", [made by Sumitomo Chemical Co., Ltd., Mi = 30] 

'3 Polystyrene, "Esbrite FA301", [made by Sumitomo Chemicai Co., Ltd.] 

"4 Styrene-butadiene block copolymer, "Kraton D1300X", [made by Shell Chemical Co., Ltd.] 

'5 Styrene-butadiene rubber, "Sumitomo SBR1500", [made by Sumitomo Chemicai Co Ltd ML +4 

100° C = 52] 
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Note to Tabie 2 

*1 Propylene polymer, "Sumitomo Nobien AXS61", [made by Sumitomo Chemical Co., Ltd., Ml = 50] 
*2 Natural rubber 

'3 Talc (average particle diameter = 5.2 urn) 

"4 Styrene-butadiene block copolymer, "TR-2000", [made by Japan Synthetic Rubber Co., Ltd.] 
*5 Butyi rubber. "Exxon Butyl 077", [made by Exxon Chemical Co., Ltd., MLi +3 127° C = 46] 



Claims 

1. A thermoplastic res;n composition which comprises: 

fa) poiypnenylene ether or a composition containing pciyphenyiene ether, 
(b) 

(i) a modified propylene polymer formed by grafting a propylene polymer with a styrene-based 
monomer or a mixture of a styrene-based monomer and a monomer copolymerizable with the 
styrene-based monomer, or 

(ii) a composition containing said modified propylene polymer and a propylene polymer, and 

(c) a rubbery substance which has in its molecuie chain-A miscibie with ail or part of said component (a) 
and also has chain-B miscibie with all or part of said component (b), chain-A and chain-B differing frcm 
each other in pnncicai structural unit. 

2. A thermooiastic, resin composition as claimed in Claim 1, wherein the ratio of component (a) to 
component (b) is 1-98 wt% to 99-2. wt%, and the amount of component (c) is 1-80 parts by weight for 100 
parts by weight of the total amount of components (a) and (b). 

3. A thermoplastic resin composition as claimec in Claim 1, wherein the propylene polymer in component 
(b) is highly crystalline polypropylene which contains boiling heptane insolubles whose isotactic pentad ratio 
is higher than 0.970. 

4. A thermoplastic resin composition as claimed in Claim 1, wherein the propylene potymer in component 
(b) is highly crystalline polypropylene which contains boiling heptane insolubles whose isotactic pentad ratio 
is higher than 0.970. and also contains less than 5.0 wt% of boiiing heptane sciubles and less than 2.0 wt% 
of xylene (20 C) solubies. 

5. A thermoplastic resm composition as claimed in Claim 1, wherein the prcpyiene polymer composition in 
component (b) is one which is obtained by blending propylene polymer with a vinyi cycioalkane polymer 
having G or more carbon atoms and said composition contains 0.05 to 10000 ppm (by weight) of vinyl 
cycioalkane units. 

6. A thermoplastic resin composition as claimed in Claim 1, wherein chain-A and chain-B in component (c) 
have the chain length of 10 to 1500 in terms of the respective monomer units, 

7. A thermoplastic resm composition as claimed in Claim 5, wherein the total of monomer units in chain-A 
and chain-B in component (c) is 40 to 3000. 

3. A thermoplastic resin composition as claimed in Claim 1, wherein component <>) contains chair.-A 
miscibie with the pciyphenyiene ether cr pciyphenyiene ether-ccntainng ccrrcosition in ccmccnert i'ah 
said chain-A containing styrene-based monomers in the structural unit. 

9. A thermoplastic resin composition as claimed in Claim 1, wherein cempenent (c) contains chain-B 
miscibie with the modified prcpyiene polymer or the composition containing the modified prcpyiene 
polymer and a propylene polymer in component (b), chain-B differing from chain-A in the principal 
structural unit, and chain-B containing ar othyt group, propyl ;roup, isocrcpyl group, and like in the 
structural unit. 
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12. Molded articles made of the thermoplastic resin composition as claimed in Claim 1. 

13. Automotive parts made of the thermoplastic resin composition as claimed in Claim 1. 

14. Automotive parts as claimed in Claim 13 which include bumper, glove box, console box, brake oil tank, 
radiator grille, cooling fan, lamp housing, air cleaner, instrument panel, fender, door trim, rear end trim, dcor 
panel, wheel cover, side protector, air intake, garnish, trunk (id, hood, sirccco fan, ana roof. 



